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PREFACE 


In 1923, the first radio comnunications link employing 
modulation in which the carrier and one sideband had been eliminated was 
establisted. Since then, the use of this system of transmission has 
grown to a considerable extent. The basic advantaves of this 
system of communications are great. The major problems of 
the system have been overcome, although some problems do remain. 
And, too, there are some definite limitations to the practical 
applications of the system. 

Because the writer believes this system holcs much promise 
in the near future, this study of the nature and practical aspects 
of single sideband, suppressed carrier communications has been 
prepared. 

The faculty of the slectrical Ingineering Department of 
the United States Naval Postgraduate School has been extremely 
helpful in the preparation of this paper, and to them, the 
writer wishes to express his most sincere appreciation. In 
particular, he desires to thank Professor C. V. 0. Terwilliger, 
chairman of the department, and Frofessor W. G. Smith, without 
whose guidance, assistance and encourazement this paper would 


have been impossible to prepare. 
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CHAPTER I 


WHAT IS SINGLZ SIDEBAND SUPPRESSED CARRIwR COMMUNICATIONS? 


This paper concerns itself with a type of modulation 
of a radio-frequency carrier wave. Modulation, as is very well 
known, is the process of introducing intelligence into a 
fixed frequency, ccnstant amplitude carrier wave. Several 
methods for accomplishing this end are in general use, each 
having it's advantages and limitations. A brief discussion 
of the most common modulation methods is in order at this time. 
Three methods of modulation are widely used in radio 
communications. These are amplitude modulation (A.M.), 
frequency modulation (F.M.), and phase modulation (P.M.). 
The first, A. M., is the most commonly used method. All 
radio broadcasting stations in the 550 KC to 1700 KC band use 
A.M. Most communications traffic also uses this modulation 
method. In principle and practice, this method of modulation is 
most simple, thus accounting for the widespread use. A.H. 
is usually obtained by superimposing the desired audio signal 
on the plate power supply of a non-linear, radio-frequency 
amplifier. The resultant output from this stage is a signal 
of variable amplitude, which may be represented by the 


equation, 


CEC =AU+M cos w, t)eos wt (Eq: c) 
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in which M is the modulation factor (degree of modulation, 
from 0 to 1), “s,is the signal, or audio frequency, and 


«, is the carier frequency. iquation I is derived as 


follows: 


e. = A cos rd carrier 


Cc 
e. = B cos “t= modulating signal 

mad + = 
e, = (1 ee, A(1 + B cos wt) coswt. 


It will be noticed that the degree, or percent, of modulation 

is dependent on the valve of B. Maximum, or 100% modulation 
will occur when the minimum amplitude of the modulated wave 

is zero. (A greater value of B will result in "“over-modula- 
tion" which produces distortion and spurous ratiation. It is not 
acceptable.) This value will occur when B - 1, so that B may 
have a value from Otol. M, the percent modulation, is 


defined as equal to B, thus 


e, = A(1L+M cos »t )cos wt (Zq. I) 
S 


Expanding this equation, 


@, =Acos ~t + 1/2 AM cos (w, + te )t 
+ 1/2 AM cos (¥ - “;)t. (Eq. II) 
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Thus it is seen that an A. NM. transmission contains com- 
ponents of three frequencies, the carrier, and the sum and 
difference of the carrier and signal frequencies. These sum 
and difference frequencies are known respectively, as upper 
and lower sidebands. Figure 1 may assist in visvalizing 
A. KM. 

Frequency modulation is the next most popular method 
of modulation. In the last decade, it has become very popular 
because of certain inherent favorable characteristics. A 
widely used method of obtaining F. iM. is the use of a 
"reactance tube" shunting the tank circuit of an oscillator. 
The output may be represented oa 


e, ~Asin (“t+ 274f sin w,t) 
iJ 


Ss 
Where 4f is the maximum deviation of the instantaneous 
frequency from the carrier frequency and is determined by 
the peak magnitude of the modulating signal. It is inde- 
pendent of the modulating frequency. The expansion of this 
equation, while at first glance may appear to contain com- 
ponents of only a limited number of frequencies, actually 


contains an infinite number of frequencies, as is seen 


in the expanded equation below. 
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eon afd, (mp )sin wt 
+3, (mp )[ sin (% +%)t - sin ( - @)t] 
wu (1m, ) [ sin Se ran + sin (to | - 2ty )t] 


+33 (mp ) [sin (w +3ut - sin (~~ 34)t] 


where mp = 274 f/w., = modulating index, and Jy(mg) means 
the Bessel function of the first kind and nth order, with 
argument mp. Thus it is seen that the frequency spread 

is wide, indeed. In actual practice, however, the frequency 
spread is approximately ( Ww + rf ) on each side 

of the carrier frequency, with components spaced at frequency 
intervals that are equal to the modulating frequency. 

Phase modulation is similar to frequency modulation in 
many respects. The equations of e, are the same for phase 
modulation as for frequency modulation. The only difference 
is in the meaning of m, which for phase modulation should 
have a subscript of p. My is the angle in radians through 
which the phase is displaced, at the peak of the modulation 
cycle, away from the phase that would exist if there were 


no modulation. 





This paper is not concerned with frequency or phase 
modulation, and no further mention will be made of then. 
Returning to kq. II, it is again noted that eo consists of 
three components. The carrier, of course, contains no in- 
telligence. iach of the sidebands, however, contains all 
of the intelligence. It would seem logical, then, that if only 
the sidebands, or even only one sideband, were transmitted, 
all the intelligence would be contained. The immediate value 
of this type of transmission would be to greatly reduce the 
width of the transmission band for a given range of intelligence 
frequencies. This has many advantages over the other types of 
transmissions which, for certain types of communications, make 
it well worth the practical difficulties encountered in the 
production and reception of this type of transmission. This 
is Single-Sideband, Suppressed Carrier Communications (SSSC). 
Visualization of the waveform of SSSC is somewhat difficult, 
but Figure 2, which illustrates this with an excessively low 
carrier, may assist. Under certain conditions, it is desirable 
to transmit all or part of the carrier. This mode of operation 
will be called Single Sideband With Carrier (SSWO), or Single 
Sideband, Reduced Carrier (SSRC). A third possibility is the 
transmission of A.M. with only the carrier suppressed. Trans- 
mission in this manner is possible, and is in use for some 
applications, but involves additional reception problems which 
will be discussed later. 
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This paper will be a discussion of the nature of, 
and practical problems encountered in the transmission 
and reception of SSSC, SSWC, and SSRC. Before going into 
the details of SSSC operation, the necessary enthusiasm may 
be aroused by a quick look at some of the advantaces. Ifa 
pure resistive load is assumed for the transmitter, the power 


output of the transmitter is ESR. For an A.M. signal, 


Go = A cos wt + AM/2 cos (~, + ~)t 
+AM/2 cos ene) 
2 2 2 2 
ES = A% (au/2)" + (AM/2)" . 


Thus the power output, 


Chaz 
Po = (2 + (M/2)° + (M/2) Tea ; 
The power distribution among the three components of the 


A.M. output is: 


Carrier = (1 =22.)100% /(1 a a) 
Upper Sideband = (M@/4)100%//) + 4) 


Lower Sideband = (M2/4)100%//1 + o) 
For two values of M, the power distribution is: 


NM=1 M = .25 
Carrier 66% 96.8% 
Hach Sideband 1 69 1.56% 
As mentioned earlier, overmodulation produces spurous 


frequency emittions. This is not only undesirable, but 


Ee 





is also illegal. Yo reduce the possibility of overmodculation 
on peaks of audio power, the percent modulation is normally 
kept at a much lower value than 100%. A value of 25% is normal. 
But at 25% modulation, the percent useful power is only 1.56%| 
This is only 730 watts useful power out of 50,000 watts trans- 
mitted power.! As one author’ aptly put it, of this 50,000 
watts of steam being generated, 18,00 watts is being used to 
toot the whistle! 

The greatest improvement in this situation is realized 
by elimination of the carrier. Immediately, the percent power 
in each sideband becomes 50%. This is a feasible method 
of operation and is used to a great degree in wired communica-= 
tion systems. As will be explined in the chapter uncer Reception, 
this method of transmission introduces considerable difficulty 
in reception. Hlimination of one sideband in addition to the 
carrier not only raises the percent usable power to 100%, 
but greatly reduces the reception problems emenncee by carrier 
suppression. An advantage of even greater importance in many 
applications is the reduction of required frequency by half. 
The available frequency spectrum is not unlimited. With the 
constantly increasing demands for transmission space, some 
method of doubling the available space is not be be viewed 
lightly. For wired communication circuits, the spectrum is 


also limited by the physical constants of the transmission line. 


Om 





The narrower the required band, the larger will be the number 
of mesSages per circuit. This method of modulation is most 
widely used by telephone companies, as would be expected. 

Another not-too-obvious advantage of this system is the 
Savings in transmitter cost. Most high-powered transmitters 
are modulated by vlate moaulating the final rower anplifier. 
To accomplish this, an audio system is required that delivers 
half the input power to the final power amplifier. For a 
50,000 watt transmitter, this means an audio power of approxi- 
mately 25,000 watts is required. Audio equipment in this 
power classification will be a major item in the overall cost 
of the transmitter. When SSSC is employed, modulation takes 
place in the lowest powered stages. Receiving=-type equipment 
may be used for all the audio equipment, thus greatly reducing 
the equipment cost. 


There are other advantages in the use of SSSC, and they 


will be discussed later. 
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CHAPTER II 


SSSC TRANSMISSION 


The problem of generation of SSSC resolves itself into 
separate stages. First is the elimination of the carrier. 
Next is the suppression of one of the sidebands. In some 
circuits, the order of these stages is reversed or even split, 
but the two stages are always distinct. This process may 
be represented by the block diagram of Figure 3. 

The oscillator, or oscillators (as it will be seen 
later, several oscillators may be required) will not be 
discussed at this time except to mention that they must be 
of very stable design. 

The modulator and carrier suppressor is so listed, 
because the use of a single unit of proper type will accomplish 
both requirements. Several types of units are used for 
this purpose. The first, anc most commonly used, is the 
balanced modulator. Figure is a simplified schematic 
diagram of a balanced modulator. Consideration of this 
circuit, however, will be made easier by first considering 
Figure 5, the Van der Bijl modulator. 

In the Van der Bijl modulator, as in the balanced 
modulator, the circuit is that of a Class A, R. F. ampli- 
fier with the audio signal input fed into the stage in 
series with the carrier frequency input. It will be 
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remembered that the characteristics of a triode are non- 
linear, as indicated by Figure 6. This curve may be expressed 
as a power series. Considering only the first two terms of 
this power series, 


2 
as = aje tare = plate, or load current 


where 


Sent ©. = BucoOss“ctet @ coset =.exciting voltage. 


Then: 


ive ay (A cos wt +B cos seats) 


+a (A cos wt +B cos ot). 
2 c S 


By expansion and trigonometric rearrangement, 


i, = ayA(1 +2a, B cos wt) cos Wt +a,B cos wt 
ay 


A ab cos’ w ot + aoA* cos“ Wt. 


Now note that the first term of the last equation is 
identical in form to Eq. I, which is the equation of an 
amplitude modulated wave. The remaining three components 


are removed from the circuit by suitable filtering. 


ale 








Returning to the balanced modulator of Figure h, 
it is seen to be a straightforward push-pull stage of 
Class A amplification to which a source of carrier volt- 
age has been added. Considering the audio source only, 
it is seen that it is amplified in a conventional manner and 
will appear across the primary of Tp. The carrier voltage, 
however, is impressed on the grids of VT; and vt, in the same 
phase, producing currents, as indicated in Figure lh, n the 
same direction with respect to the plates of the tubes. 
These currents induce voltages in T> that cancel, thus the 
carrier does not appear in the output. The sidebands, 
kAB cos( Y@. + ™%s )t and kAB cos( Yc —- @s )t will 
appear, however. This may be shown mathematically as 
follows: 

Exciting voltage of VIy =ec + @, 


Exciting voltage of VIo =e, -e 


Cc Ss 


inn =a, (eo + =) + ale, +e.) + a3(eq * ae) 
ing = azleg - eg) + agle, -e,)? + azle, - e,)Paceeeeeees 


Note, now, that i 1 and 152 flow in the primary of qT, 


p 
in opposite directions, so that the voltage induced in 


the secondary is proportional to 151 ~ ine: 


=] 5— 








cAjaje, + cage 2, of a; (3ege, 25 e2) 


Ss a), (ede . + le ,e3) + ar (Sede, + 10e“e3 + e2) 


Now, a3, Ay,» and ag are small in comparison with ay and 


a Also, the third and higher order terms become smaller as 


2. 
-.? or percent modulation, becomes smaller. The effect of 
all terms above the second order may thus be made megligible. 


The equation then reduces to 


e, = 2K(aje, + 2are ©. )- 


As@o = A cos %t, » and 
@s = Bcos 41, 
+ wae oe 
e, = 2Ka,B(it2_“ A cos “%t)cos “xt 


#). 


which, by trignometric rearrangements, gives 


@4 = 2Ka,B cos «,t +1/2 | lKapAB cos (¥, + %)t 


+ liKa,AB cos oe gt] 


Note that this output contains only the sidebands plus 
the modulating signal frequency component. This latter com- 
ponent is attentuated sufficiently in T, so as to be 


negligible. 
-16- 


In this derivation, perfect balance of tube and 
circuit elements has been assumed. In practice, it is 
usually necessary to provide adjustable balancing elements 
to the circuit, as well as to use care in selection of 
balanced tubes. 

The functions of carrier suppression and modulation 
may also be accomplished by means of a circuit known as the 
"ring" modulator. As shown in Figure 7(A), this consists of 
four diode rectifiers, usually of the contact type, connected 
in a series ring. The nature of most diodes is such that 
with application of a forward voltage, the effective resistance 


R,, will be small. With the application of a reverse voltage, 


f? 
the effective resistance, R,, will be large. The magnitude of 


e, is made very much greater than Sy BE that in effect, om 


Cc 
is simply a switch that switches resistances between the 
positions in the equivalent circuits of Figure 7(B) and (C). 
It may readily be shown that efficiency is greatest for Re = 
=f, = VRrR, =R. To simplify the following work, it 
will be assuned that this condition exists. Noting that 


i, =e./2R, the solution of the network for 1, becomes: 


-l7= 
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where f(t) ={+1 for positive half cycle 2f carrier 
-l for negative half cycle of carrier. 


Representing f(t) by Fourisr components, 
F(t) =h (cos Mt -1 sW3W 2 
* A = COS WR ‘ t+#l cos 5 Wt ote 


Substituting e a B cos 4t. 


Seo) 


te -2 
ip = LB Re cos W.t(cos wt na cos 3at 


r + J 


Now, as B is very small, the use of simple circui 
elements will reduce components over the first order to 


a negligible value, leaving 


= 
- 


a5 K cos to t cos 4, t 


ener + a ie cos (ww - & )t. 


Thus, not only has the carrier been eliminated, but also so has 


the modulating signal. 


aoe 


The next stage of the transmitter is the sideband 
eliminator. Only two methods are in general use for this 
job. The most .opular is the straight filter method. The 
sideband eliminator consists of a suitable filter to stop 
the unwanted sideband. This is known as the "brute force" 
type of sideband eliminator to contrast it with the more subtile, 
but also more critical and delicate, phasing method of sideband 
elimination. Figure 8 shows the necessary frequency character- 
istics of a suitable filter. The required sharpness is not 
a percent function of the carrier frequency, but is a function 
of the number of cycles per second. This would imply that 
the lower the carrier frequency, the less would be the required 
percent sharpness, and thus the simpler would be the filter design. 
in practice, if the initial carrier frequency is kept below about 
4O KC, a conventional, multiple, M-derived band-pass filter is 
adequate. Figure 8 is the characteristic curve of such a 
filter using a 10KC initial carrier frequency. If the initial 
carrier frequency exceeds 0 KC, more complex filters of the 
crystal-lattice type are required. A ceiling of approximately 
100 to 150 KC exists for practical filters. Discussed in this 
paper will be only filters for use with carrier frequencies 
up to OKC. This low frequency carrier modulated by a 


balanced modulator, which eliminates the carrier, then one sideband 
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is filtered out. Appendix I describes the design and con- 
struction of such a filter. Th: resulting SSSC wave is then 
boosted to final transmitter frequency in one or more stages 
by mixing, or hetrodyning with one or more oscillators of 
sultably higher frequency, each followed by an adequate 
filter to remove the unwanted new sideband. This latter 
filter is very simple, consisting of little more than a 
tuned amplifier stage, or a simple tuned circuit. The filter 
method of sideband elimination, then in reality consists of 
two or more oscillators and balanced modulators (or mixers) 
in addition to the main and secondary filters. 

The second method of sideband elimination, by phasing, 
may be more readily understood if the vector diagrams of Figure 9 
are first studied. From the equation of an A.M. wave 
(loo% modulation used for convenience), it is seen that the 
final voltage consists of the same three components previously 
mentioned. As these are of different frequencies, namely “,, 
(e+ Ws), and (uu, - Ws); any single vector diagram 
representing all these components should indicate the 
rotating frequency, and it should be remembered that the 
vector diagram represents only the instantaneous position of 
the vectors ~- that their relative position will change fron 
instant to instant. Now, for any randon instant of time, 
the vectors may have the relative position as shown in Figure ((A). 
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The same position may be constructed as shown in Figure 9(B), 
by noting that with the sideband vectors now originating from 
the moving point, the end of the carrier vector, their 
frequency of rotation about the moving point will be their 
frequency of rotationabout the origin minus the frequency 

of rotation of the moving point. For the upper sideband, 

the frequency is (“%_ + “g) - 4, or just w,. For the 
lower sideband, the frequency is (we - us, ) Ee a obtain 


the value of e., it is necessary to vectorally add the com- 


0? 
ponents, as is done in Figure ((C). 

For the position of peak value of e, the vector position is 
that of Figure 9(D). Let this be called the reference position. 
Suppose, now, that to a signal having the reference position, 

a signal, which at the same instant of time has a vector 
positionas shown in Figure 9(E), is added. It is further 
assumed that the respective lengths of vectors are identical. 
On adding, it is seen that the lower sideband vectors cancel 
each other, while the upper sideband vectors add. The carrier 
components also add in quadrature, of course, but this is 

not significant. The important point is that one sideband has 
been eliminated. The problem, then, resolves itself into 

the production of two amplitude modulated signals, e, and ed, 


that have the indicated phase differences. This may be aecom- 


plished in two steps. First, take a signal equal to e, and 
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shift it through 90 degrees, as indicated by Figure 10(A). 
Next, shift the audio input by 90 degrees, which results in 
Figure 10(B) and is the required wave of Figure 9(E). The 
The block diagram of Figure 10(C) indicates a method of 
generating the SSSC output by this phasing method. The use 
of balanced modulators eliminates the carrier. Of course, 
all components must be accurately balanced for satisfactory 
operation. The audio phase shifter is the only item not of 
routine design. Appendix II is a published article ton this 


subject and presents a basis for design. 
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CHAPTER ITI 


SSSC AND SSRC RECHPTION 


Before considering reception of SSSC or SSRC, the 
subject of detection, or demodulation, of modulated 
waves in general should be discussed. Detection, as prin- 
Cipally used, is of three types -- squars-law, linear, and 
hetrodyne. The first two of these are closely related. 
Referring again to Figure 6, it is seen that a 
typical characteristic curve of a triode (i, VS. » is 
made up of essentially straight section, followed by a 
knee, followed by another more-or-less straight section. 
The shape of this curve is also representative of the 
i VS. oe characteristic curve of a diode. If a detector is 
operated principally in the region of the knee of the 
characteristic curve, it is called a square-law detector. 
The name is derived from the fact that this portion of the 
curve may be closely approximated “by a second order equation. 
If, on the other hand, the voltage variations are very large, 
then the effect is to shrink the scale of Figure 6, so that 
the region of the knee shrinks in effect to a point. 
Thus Figure 6 could be represented by two intersecting 
straight lines. This type of detection is called linear 
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detection. Because linear detection necessarily involves 
large values of signal-voltages, the term "power detection" is 
sometimes applied. Conversely, the small values of sizgnal- 
voltage used in square-law detection leads to the name of 
Nweak-signal" detector. An arbitrary dividing point of about 
one volt is generally made. 

In practice, a square-law detector usually employs a 
tube containing a control grid in order to obtain amplifica- 
tion in the stage as well as detection. The circuit of such 
a detector would be that of an amplifier except that voltages 
impress2d are such as to cause the tube to operate principally 
in the region of the knee of the characteristic curve. Math- 
ematical analysis of the detection process is rather simple. 
If e, is the impressed modulated wave, and tp is the detector 


plate current, for square-law detection, 
in = Aleg Hazes - 


For an A.M. wave, 
e, = E, cos wt + 72 EM cos( + we )t 


+1/2 EM cos, - “,)t. 


=O 


—_—_lUcOhUhUCUreTrh 


ees 0a ee eee oe 








Case I of Appendix III carries out the derivation of the 
output components. The balance of Appendix III repeats 

the procedure for different conditions of eye A summary 
of the results of Appendix III appear in Table I. 

As was mentioned earlier, the results appearing in 
Table I indicate that reception of A.M. with only the carrier 
suppressed would be difficult in that, as shown in Cases 
It, L1I, and IV, the carrier must be reinserted at exactly 
the same frequency, and closely in phase with the original 
carrier, if the resulting signal is to be intelligible. 

Fxcept with the most expensive equipment, this is difficult, or 
impossible to accomplish. 

Mathematical analysis of linear detection is not so 
simple or straightforward as was that for square-law detection. 
Because of the discontinuity in the effective characteristic 
curves for linear detection, a Taylor power series may not be 
used to represent the entire curve. A convenient mathematical 
dodge may be used by considering only the audio components. 
These audio components will be contained in the equations 
of the upper and lower envelopes of the modulated wave. 
Avpendix IV carries this method of analysis out first for 
a square-law detector to demonstrate the method, then for 
linear detection of an A.M. wave. Linear detection (and 
square-law detection also) of a SSSC wave in reality is the 
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third type of demodulation -- hetrodyning -- and will 
be discussed in the next section. 

Comparing the results of detection of an A.M. wave 
by square-law and linear detection, two conclusions of 
importance are apvarent. First, square-law detection 
generates a second harmonic of the signal, which distorts 
the output signal to a degree equal to M/k, while no such 
component is produced by linear detection. Next, the magnitude 
of the signal frequency output (audio) of a square-law 
detector is proportional to the square of the carrier magni- 
tude, while for a linear detector, it is proportional to 
the first power. These conclusions have resulted in the elmost 
universal adoption of linear detection for conventional A.M. 
receivers because less distortion results, and the receiver is 
less affected by signal fading conditions. This situation 
may appecr irrevelant at this time, rut if SSSC reception is 
to be attempted with a conventional receiver, it becomes 
important, as will be shown later. 

Hetrodyning, the third method mentioned of demodulation, 
is the process of combining a locally generated wave with 
the incoming wave in such a manner that a third wave is 
produced which either is the sjesnal component, or contains 


the signal component in modulated form. This device is used 
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in superhetrodyne receivers to convert the incoming wave 
to a lower (fixed and predetermined) frequency. It is also 
used in communications receivers to supply an audible signal 
when CW (code) is being received. Appendix V, taken from 
"Theory and Applications of Electron Tubes" by Reich, is an 
excellent discussion of the nature and process of this type 
of detection. As indicated there, the simple mixing of two 
waves of different frequencies would result in a beat-frequency 
wave wnich had much of the appearance of a conventional A.M. 
wave, however, it is a wave that is varying in phase as well 
as in magnitude. The envelope, which is of the difference 
frequency, can be obtained in the form of useful power only by 
sending the two waves through a non-linear circuit element, 
such as a square~-law or linear detector. (As has been im- 
plied, the required non-linearity in a linear detector is provided 
by the discontinuity in the characteristic curve.) This 
process, in effect, amounts to the process of modulation, 
not demodulation. Sidebands of the sum and difference 
frequencies are produced which is the same as the result of 
A.M. 

It is apparent now, that demodulation of SSSC will 


always be of the hetrodyning type, regardless of whether 
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a linear or a square-law detector, or mixer, is used. 

The process is basically one of mixing the incoming wave 

with a locally g-nerated wave to give the audio frequency 

output. For detection using a square-law mixer, Cases VI 

and VII of Appendix III present a derivation of the resulting 

output components. The difference frequency is the audio 

frequency signal. No second harmonic distortion signal is 

present. Referring again to Appendix IV, it is seen that for 

a linear mixer, the output components are infinite in nunber, 

containing an infinite number of audio distortion components. 

The amplitudes of these distortion components are functions 

of hn®-1, where h is the ratio of the amplitudes of the in- 

coming signal to the locally generated signal, and n is the order 

of the narmonic. The resultant amount of distortion becomes 

acceptable at values of h below 2. The type of harmonic distortion 

described here will be referred to as "rectification distortion". 
We are now able to consider practical reception of 

SssC. A conventional A.M. communications receiver is 

equipped with a local oscillator (in addition to the one used 

in the superhetrodyne circuit) to be used in reception of 

CW signals, as was mentioned above. This is usvally provided 


with an external frequency adjustment control, so that it 
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amounts to a iocal, v:riable frequency, beat-frequency 
oscillator (BFO). It's frequency range is from somewhat 
above, to somewhat below the incoming carrier frequency 

after conversion to the intermediate frequency in the super- 
hetrodyne mixer circuit. Thus, this oscillator should be 
usable in the demodulation of SSSC. When a SSSC wave is 
tuned in, only a garbled gibberish will be heard. This 
signal must be carefully tuned to maximum strength with the 
BFO and the automatic volume control switched off. Now 

the BFO is switched on -=- the tunine control is not touched 
again. The frequency adjustment control of the BFO is slowly 
adjusted until the gibberish becomes intelligible. If this 
does not occur, the gain of the R.F. stages should be reduced 
to as low a value as possible. In fact, normally, the volume 
control should be on maximum, and the R.F. gain adjusted to just 
enough gain to provide adequate volume. The reason for this 
is that practically all conventional receivers employ linear 
detection. When this linear detector is used as a linear 
mixer for SSSC demodulation, then as has already been shown, 
the value of h (ratio of amplitudes of incoming signal and 
local oscillator) must be below .2 if the resultant distortion 


is to be acceptable. A lower value would be still more 
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desirable. If, after reducing the R.F. gain to as low as 

value as possible, adjustment of the BFO control does not 
result in an intelligible signal, then either the BFO control 
does not permit a wide enough frequency variation, or the 
amplitude of the BFO is too small to reduce h to an acceptable 
value. If such is the case, then the receiver must be modified 
before SSSC transmissions may be received. 

As indicated in Table I, the frequency of the local 
oscillator must be within less than 50 c.p.s. of the original 
carrier. It is desirable for it to be within less than 
10 C.P.5S. If music were being transmitted, the frequency 
difference would have to be less than 5 c.p.s. Thus it should 
be obvious that the local oscillator must have very good 
stability to prevent fading in and out of intelligibility. 
This degree of stability is provided in only the best of 
communications receivers, as it is not required for A.M. 
reception. 

From what has been said above, it seems that the use 
of a conventional receiver for reception of SSSC, while 
possible with most such receivers, is at best, only a 
makeshift arrangement. This type of receiver is poor for 
two reasons -- the type of detector and the characteristics 


of the BFo. With a good quality communications receiver, 
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satisfactory SSSC reception is usually possible with only 
the addition of an external oscillator of very stable design 
and of sufficient amplitude. 

In some cases, however, the high amplitude of the 
auxiliary oscillator overloads the detector, and thus intro- 
duces additional distortion. If, in addition, the detector 
is changed to a more suitable type, then reception is 
possible that, while not as good as that of the huge receivers 
employing multiple crystal filters and fixed frequency°operation, 
is very good indeed. An excellent detector for this use is shown 
in Figure 11. Comparing Figure 11 with Figure ); indicates that 
the demodulator is a form of the balanced modulator. As 
even for square-law mixers, some rectification distortion 
will occur, the use of a balanced mixer of the square-law 
type permits the cancelling out of the second harmonic dis- 
tortion components, thus the advantages of both the linear 
and the square-law mixers are obtained with none of the 
disadvantages. 

The problem of design of a local oscillator that is 
stable to within several c.p.s. is a difficult one. In 
addition, the additional complication of the tuning process 
due to having to adjust the frequency of the local 


oscillator for each station recsived can be serious if 
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rapid change of station is necessary. If the carrier 

were only reduced, say 20 db, rather than eliminated, then 

the carrier would be received. fFractically all the advantages 
of SSSC transmission would still be realized, ana the small 
amount of carrier received could be used to provide a synchron- 
izing signal for the local oscillator. The advantares are 
obvious. The disadvantagesis that reception of this trans- 
mission on a receiver not having a synchroniging device would 
be disturbed by a low-frequency beat signal formed between 
the carrier transmitted and the aeqneoeteD carrier. This 
disturbance would be of relatively small magnitude is the 
transmitted carrier were reduced as much as 20 db. 

Several methods of synchronizing the local oscillator 
with the incoming carrier are in use. For the most complex 
receivers, the received carrier is separated out and used to 
drive a servomechanism that mechanically adjusts the oscillator 
variable condenser. This allows extremely good control but 
is also very expensive. This class of receiver will not be 
discussed in this paper. Another method of synchronization 
control is the use of a reactance tube, which is controlled 
by the D.C. component of the carrier out of the demodulator. 
This reactance tube, in turn, by providing a variable 
capacitive reactance shunted across the local oscillator tank 
circuit, tends to synchronize the local oscillator. 
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There is room for much development work in the field of 
relatively simple synchronizing devices. 

One of the advantages of S555C is that as half the 
frequency spectrum is required as compared with A.M., the 
ratio of signal to noise will be doubled in a receiver that 
is selective enough to accept only the usable sideband 
spectrum. This desirable feature may be realized from an 
A.M. transmission if the receiver is capable of removing one 
sideband. By using the phasing methods described under SSSC 
transmission, an adapter may be designed that will permit the 
removal of either sideband in a standard A.M. transmission. 
Into this Lanvertes can be incorporated the following 


features: 


(a. Single sideband reception of A.M. transmissions 

(bo. Exalted carrier reception of A.M. transmissions 

(ce SSSC reception (either sideband) 

(d. Automatic frequency synchronization on either 

A.M. carrier, or SSRC transmissions. 

Figure 12 is a block diagram of such an adapter. Consider 
first Figure 13, which is the enclosed portion of Figure 12, 
neglecting the low-pass R-C filter and the reactance tube. 
The input from the receiver I.F., which would have gone into 
the receiver detector, is fed into two identical demodulator 
tubes. A local oscillator, tuned to carrier frequency, feeds 
directly into one of the demodulator tubes, and through a 90° 
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phase-shifter, into the other. The amplitude of this local 
oscillator signal is approximately 100 volts, thus it controls 
the operation of each demodulator to give exBaslted-—carrier 
demodulation of A.M. If an incoming signal is of somewhat 
different frequency than the local oscillator, then a beat note 
will be produced. Each demodulator will put out this beat 
note, let us say of 1000 cps. The frequency and amplitude will 
be the same for the two demodulators, however, there will be 
a 90° phase shift between the two. Further, this 90° phase 
shift will be either positive or negative, depending on 
whether the incoming signal is of higher or lower frequency 
than that of the local oscillator. These two audio signals leave 
the demodulators and pass through two phase-shift networks that 
together, produce a futher phase shift of 90° in a fixed 
direction. Let us assume that the incoming wave was 1000 cps. 
higher than the local oscillator frequency. This would result 
in two 1000 cps audio signals from the two demodulators 
that differ in phase by 90°. Now, these two audio signals 
are fed into the phase-shift networks that introduce an addi- 
tional phase lag of 90°. The two audio signals thus emerge 
from the phase-shift networks 180° apart. If the two are added, 
zero audio signal results. 

If the two are subtracted, then maximum signal will 


result. 


~)\2~ 





Suppose now, that in addition to the incoming wave 
of 1000 cps greater frequency, a wave of 1000 cps less than 
the local oscillator is also fed into the demodulators. This 
is equivalent to an A.M. wave modulated at 1000 cps. Then the 
higher frequency will result in the same output as described 
above. The lower frequency, however, will result in audio 
signals out of the demodulators that lead each other by 90°. 
When these are passed through the phase shifters, the output 
Signals will be exactly in phase. Thus, ina "sum" circuit, 
the 1000 cps note due to the lower incoming wave (lower side- 
band) alone would be present. In a "difference" circuit, the 
1000 eps note due to the higher frequency wave (upper sideband) 
alone would be present. The two sidebands have been effectively 
split, and reception is possible on either alone. Of course, 
if only one sideband is being transmitted, then the audio signal 
will appear at either the "sum" or the "difference" circuit, 
but not at both. 

The low-pass R-C filter permits only the D.C. component 
of the first demodulator to enter the reactance tube, which, 
as already mentioned, serves to synchronize the local oscillator 
with the incoming carrier. 

In order to appreciate the advantage of single sideband 
reception of A.M. waves and the use of exalted carrier de- 


tection, some discussion should be given to the problems of 
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radio communications. This does not include commercial 
broadcasting, as in most cases, sufficient separation is 
provided either geographically or in transmission frequency 

to prevent interference. On short wave ern aeee ane fre- 
quencies, however, geography is of little help, and the number 
of stations is very much greater. The frequency separation 
between stations may approach zero. The amateur channels are 
excellent exanples of the situation being discussed. Very 
narrow bands are provided, and thousands of amateurs attempt 

to say their bit at the same time. The condition may be expected 
to be as bad on commercial communications channels ina few 
years. If a receiver is tuned to one station and another, re- 
moved in frequency by 5 KC (which is very common) is transmitting, 
then a 5 KC audio beat note will result in a conventional 
receiver. In actual practice, this is the most common type of 
interference present, not only on the amateur bands, but also 
on many of the communications channels. (If suppressed carrier 
transmission were employed, this disturbance would be reduced 
to a negligible value). The use of an adapter herein described 
would permit the receiver operator to choose the particular 
Sideband that was least disturbed by these interfering hetro- 
dynes. A further difficulty encountered is the blanketing 


effect of a strong transmitter on a relatively weak station if 
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the two are not far removed in frequency. The use of 

an exalted local carrier, accurately tuned to the weaker 
station frequency, would cause the detector to reject the 
strong station in favor of the desired weaker station. A 
further advantage of exalted carrier detection is also present. 
in detection of an A.M. wave as received, the value of M must 
not exceed unity or very great distortion will result. This 

is the same type of distortion that would be present if a 
transmitter were modulating greater than 100%. Even if the 
transmitter has an M of less than unity, frequently selective 
fading will reduce the relative magnitude of the carrier. 

This may be noticed at times when receiving a broadcast station 
that is some distance away, particularly at dusk, when a shift 
of the reflected ionized layer is occurring. The use of a 
strong locally inserted carrier greatly reduces difficulties 

of this type. 

In the adapter described here, there are no inherent 
limitations on the width of the audio band as is the case for 
other highly selective circuits. However, for communications 
use, an audio frequency range of from approximately 200 cps 
to 2800 cps is adequate for satisfactory intelligence. If an 
audio filter is employed at the transmitter, appreciable savings 
in power result from the blocking of frequencies outside this 


range. At the receiving end, the effective selectivity of the 
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receiver may be greatly improved, and effectively a nearly 

ideal rectangular selectivity curve is obtained, as is shown 

in Figure 14. In Appendix VI are given the details of con- 
struction of an adapter utilizing the principles outlined 

above. In order to gain first-hand experience with construction 
and application of such a unit, this adapter was constructed. 
Operation is very satisfactory. A reduction in the unwanted 


sideband of 35 db was obtained. 
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Fig. 24 Over the range for which the audio pliuse- 
shift networks hold close to 90° difference, the apparent 
i.f. response of the -vstenr is determined Gn combination 
by the if. and andio bandwidths. Phe characteri-1 
with no andio filter is shown at (A). and |B) demron- 
strates how sis es effective selectivity as obtumed with 
an antdio filter. 





CHAPTER IV 
ADVANTAGES, DISADVANTAG#S AND LIMITATIONS OF 


SSSC AND SSRC 


Considerable confusion can arise in the consideration 
of advantages of SSSC transmission because of the variety 
of viewpoints possible. That very definite advantages do 
exist is not subject to dispute, but the degree of the advantazes 
depends on what is desired of the transmitter. Figure 15 


represents a conventional A.M. transmitter. Say for example, 
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Figure 15. Block Diagram of a Conventional 
A.M. Transmission Systen. 
it is rated at 10,000 watts. This is the power output of 
the R.F. power amplifier with no modulation. As the efficiency 
of a good Class C.R.F. amplifier is about 80%, the power 
input to the stage will be approximately the 12,500 watts. 


The required audio power for 100% modulation will be half 
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of the power input to the final R.F. amplifier, or 

6250 watts. At 100% modulation, the average power radiated 

by the transmitter is .80(12,500 + 6250), or 15,000 watts, 

of which only 5000 watts is useful in the transmission of 
intelligence. Now, an often overlooked point is that fora 
normal human voice, the ratio of average to peak power is 

never larger than 1/2, and it is usually 1/! or less. Then for 
a peak audio power of 5000 watts, the average is only 1250 
watts. Thus for a 10,000 transnitter, the average power 
radiated is 11,250 watts, and the peak power is (four times 

the carrier power) 0,000 watts. Amplifier tubes are rated 

in size by their power dissipating ability. In this hypothetical 
transmitter, at no modulation, average dissipated power is 

2500 watts. At 100% modulation on peaks of normal voice, the 
average dissipated power is 2810 watts, and the peaks of 
dissipated power is 10,000 watts, Thus the tube in the final 
R.F. amplifier would have to have a power rating of 2810 

watts and would have to be able to withstand peaks of 10,000 
watts. 

From this point, two different paths may be followed. 
First, consider that it is only desired to transmit an average 
of 1250 watts, with a peak of 5000 watts of intelligence —- 
the same as for the original transmitter -- by 55SC transmission. 
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Figure 16. Block Diagram of SSSC Transmission System 


For SSSC, this power represents the entire output. There is 
no carrier. Further, this peak of 5000 watts of intelligible 
power is the peak power of the transmitter, because for uni- 
form intensity of audio signal, the envelope of a SSSC wave 
is a pair of horizontal lines. Note, however, that linear 
R.F. amplifiers must be used for SSSC, and the efficiency of 
a good Class B stase isabout 70%. Thus, the averaze power 
input to the final R.F. amplifier is 1250/.70, or 1786 watts; 
and the dissipated power is 535 watts. The peak of power 


dissipation in the final amplifier is 2110 watts. 
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In Figure 16, it is important to note that all 
stages up to the first R.F. amplifier are of negligible 
power. Receiver-type elements are employed. The only 
power staces are the R.F. amplifiers. No audio power 
amplifiers are required. Comparing Figures 15 and 16 in this 
light, it may be estimated that roughly 25 KW of line power 
is required for the A.M. transmitter, while approximately 
8 KW of line power is required by the SSSC transmitter. 

For a SSoC transmitter designed to transmit an equal 
amount of intelligible power, the advantaces may be 


summarized as follows: 


(a. Savings of approximately 80% in size and 
cost of final amplifier. 

(>. Savings in cost, and reduction in size of 
transmitter, by complete elimination of audio 
power amplifiers and power modulators. 

(c. Savings of approximately 70% in cost of 


operating power. 


No significant disadvantages or limitations have yet been 
introduced. 

Suppose, now, that the original A.M. transmitter is 
on hand, and it is desired to realize all possible output 
power advantages by conversion to SSSC. What, then, 
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woulc be the benefits to be derived. Reviewing, the 
A.M. transmitter contains a Class C final amplifier, 
capable of dissipating an average of 2812.5 watts, with 
a dissipation peak of 10,000 watts. Operated as a Class B, 
SSSC final amplifier, this would be able to deliver 9370 
watts, average, of intelligible power, with peaks of 
33,333 watts. As this ratio is greater than the estimated 
1 to h, using the peak power as the limiting criterion, 
an average power of 3320 watts could be transmitted. As 
before, the audio power amplifiers are eliminated, and 
operating power consumption is reduced to approximately 13 KW. 

Sumarizing the advantaces to be obtained by con- 
verting an existing A.M. transmitter to SSSC to obtain 
greatest possible output power, they are: 

(a. Intelligible power transmitted increased by 

approximately 650%. 
(b. Audio power amplifiers eliminated. 
(c. Savings of approximately 50% in cost of 
operating power. 

Again, other than the work of converting an existing 
transmitter, no appreciable disadvantages cr limitations 


exist. 
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Before leaving the transmission end of SSSC, 
mention should be made of several practical items that 
require attention. First, the power supply to all 
stages of a SOSC transmitter must be extremely well 
filtered to prevent spurous radiations and prevent undue 
distortion of the audio signal. Next, all stases must be 
carefully designed and operated, so as to be as nearly 
linear as possible, otherwise, the magnitude of the sup- 
pressed sideband will become appreciable due to the 
generation of an A.M. signal in the non-linear elements. . 
In general, more care and attention to details of Basler 
is required in a SSSC transmitter if really satisfactory 
operation is to be obtained. These items are problems of 
design, construction and operation and should not be con- 
sidered as disadvantages or limitations of the systen. 

Advantages and limitations inherent in single 
sideband reception of either A.M. or SSSC transmissions 
have been adequately discussed. The limitations and most 
of the disadvantages of theSSSC system lie in the reception 
end. Summarizing these from the discussion of SSSC and 


SSRC reception, they are: 


Disadvantages-- 
(a. Reception impossible on all but conmmunications- 
type receiver. 
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(b. Reception procedure more complex, and in some 
cases, impossible on conventional communications 
receivers. Results are only fair. 
(c. Even with moderately priced adaptors, the 
problem of tuning is more complex than for A.M. 
Simple automatic lock-in circuits are not thoroughly 
developed (assuming a reduced carrier is transmitted). 
(d. iverpresent problem of satisfactory local 
oscillator stability is difficult to satisfy without 


either loss of flexibility of operation or high cost. 


Advantages = 

(a. Increase in signal-to-noise ratio. 

(b. Ability to choose sideband having least interfering 
Signals. 

(c. Ability to better separate desired weak signal 


from undesirable strong signal. 


Some of the advantages of the SSSC system can not be 
assigned to either the transmitter or the receiver alone. 
Of greatest importance in this classification is the fact 
that only half the R.F. spectrum is required for SS5SC as 
compared with A.M. This permits either a wider separation 


of stations, or a larger number of simultaneously operating 
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Seeionet ween is a result on reception of suppressing 
carrier. As mentioned tefore, on communications channels, 
one of the greatest sources of interference is the productions 
of very intense hetrodyne notes as a result of mixing of 
carriers not far removed in frequency. Elimination of 
carriers would, of course, completely eliminate this dis- 
turbance. Further, as no carrier is transmitted, if the 
transmitter is operating properly, when the operator is not 
speaking, no signal at all is transmitted (except possibly a 
greatly reduced carrier, which would not effect the results. ) 
This immediately permits breakin operation with no special 
equipment, and on the same frequency. 

In view of the above discussion, several conclusions 
seem reasonable. First, use of SSSC on commercial broad- 
cast bands, while desirable from the point of view of 
station economy and efficiency of frequency utilization, 
is not feasible because of the handicaps of reception. Not 
only would converters be required for the 80 million home 
receivers now in use, but also, an educational program in 
tuning procedure would be required. This is ridiculous, 
of course. 

For commercial communications operation, however, 
the story is entirely different. ixcept for a few classes 


of communications, the use of A.M. is not only extremely 
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wasteful of equipment and power, but the waste of 50% 
of the available frequency is hardly excusable with SSSC in 
it's present state of development. The number of communica- 
tions stations is increasing rapidly with time. For a long 
while, the demand for additional frequency space was ret 
(largely due to the pioneering of the amateur radio 
operators) by going to higher and higher frequencies. With 
the spectrum of communications circuits approaching the 
frequencies of light, the limit seems to be in sight. Further, 
the communications circuits for which SSSC is most 
applicable are not satisfactory at frequencies much above 
30 megacycles. The available space, then, seems to be 
from 50 to 550 KC and from 1.7 to 30 NC. 

The expense of conversion of a transmitter would not 
be prohibitive. liven this cost could be more than regained 
by savings in operating power costs over a reasonable period 
of time. To the writer, it seems only reasonable to 
expect that more and more newly constructed communications 
stations will be of the SSSC variety, and that conversion 
of existing transmitters will accelerate as operating 
procedure knowledge is more widespread. I1t does not seem 
unreasonable to expect that in the not too distant future, 
the great majority of communications links will employ 


SSSC systems. For amateur operation, the present situation 
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in the "phone" bands is a good example of what is to be 
expected in commercial channels as the number of stations 
increases -~ unless SSSC is more universally adopted. 

Perhaps if SSSC comes into widespread use in the amateur 
channels, not only will the bad situation be cleared up within 
those channels, but as has happened in the past, developments 
of technique and simplifications of equipment will cause a 


more rapid spread of SSSC into the communications channels. 
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pathber ef tures and method 
af conneetion of these alded 
windihgs saay be altered to 
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Filter Alignment 


\s has previously been mentioned, the LC 
eombirations Wust be resonant at the desired 
fr quency In an m-type filter with closely-spaced 
rejection frequencies, it is very tmportant’ to hold 
to ver, close frequency tolerances; while a con- 
sant error is not serious the spacing cf one 
frequency to the next iS critical. 

Heretofore, it has been considered necessary to 
use expensive laboratory equipment, which is out 

tthe reach of tnany. Signal venerators for the 
ronge of 15 to 80 ke are not common, and those 
watlulde are usually not of sufficient aceuracy 
TIowewer, with the aid of a BC-22) frequeney 
meter the main obstacle has been removed. The 
Mndsimental frequency range of the low band of 
the BC-22) is 125 250 ke., and it has sullictent 
output voltage to give a reasonable indication on 
most oscilloscopes. The BC-221 is used only as a 
calibration means for the test signal generator. 
The test generator may easily be made from the 
junk box, and the usual calibration problem 
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L-C Cord-alera 
Under es? 


Lill 


big. 7— Vbe method used for checking cuil-and-condenscr com- 
bination, An acvurate frequency cheek is obtained by using 4 
BC-221 vo check the 10th harmome of the test: signal generator. 
Yhe 1 © combination under test is adjusted for minimum horizon al 
amphtude at the desired frequency. 
RK — 1 to 10 ohms, }4 wall. See text. 

Y — Step-down transformer. A 500-10-6-ohm audio traasformer is 

suitable with generator outputs of 506 ohms or less 
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perineatulity, reducing the required num- 
lee of turns and still permitting Qs of 
over 100, Vhe construction data in Fig. 6 
give the approwmate number of turns of 
ie inductors when using Western Elec- 
tre core rings P476930 for Ly; and Ls, and 
281305 for Le, La and Ly. 2476930 and 
}'2381395 have nominal inductances of 164 
and 79 muillihenrys respectively per 1000 
turne The approximate number of turns 
for a specified inductance, as given by 
tlw inanafacturer, is found by the for- 
tnulas given in Fig. 6. 

since a tolerance is allowed on the 
capacitors, and the permeability of the 
cores varies slightly, the exact number of 
turns will vary aud must be determined 
by tnvasurement. For this reason sulh- 
cient length of wire should be allowed for 
the windings so that the additional num- 
ber of turns necessary may be found by 
test. The extra length of leads will not 
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ngs 5 of Peak fy PE orhe titlar type or wired 
ing, two wires are bet toe tier arf woe) or 
Dithe Aft Lf w ited, fhe statt oe cote wire Sern 
he connected fa the fee pt tle other 7 thes 
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Be0 
200 WAT 


fig R- WV eugecsted caccant foe the Mttehe vcocttlaten 
aod balanced modulates te be used with the ilter 

Cr, Ca — O05. nfd 0 208, matched ter witha 1S bes 

tnal. 

Cs — 0.0] afd. sileer mica. 

Ca — 200. pafd. variable of adjustable 

Ri, -- lohm potentwometet. 

R2, Ka — 150 ohms, 'y wait 

Ra — See teat. 

Rs — 3000 to 3000 ohme. 

Re — 1000-chm potcationieter. 

1. — 288 warns of 142 tnfilar, No. 20 baemsar reser, 
fie cod 2-2. Cand 3% ce 4 turns of came apy 
every I@aurne. Both cols are wouad of the same 
WE. 284395 core mug. 

COR — Copper oxide modulator Varistur . See teal. 

T, — Output transformer, plate tu HY vhane. 


Windings connected for series aiding is such that 
the direction of current st one instant is from pty 
2-30 4; 5 to 6; etc. Thus if 2and Sand 4 and 35 
are connected together and external connections 
are made to / and 6, the windings are series- 
aiding. 

In winding, the length of wire to be pulled 
through for each turn may be halved by starting 
at the center of the bifilar duubled) length of 
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Pe ttn ovens Vere: welt de c tel vein yt 


| 1} » otuemee whl be 2 abedogaay bee 
epte de Wart ey eg ittent fof che reagent 
eontpat woreda a Pp amd 2s the tree ware, 
Powmed toons be be ft Deng sted any onddtioreas 
apy vee Ssare fuay be Ob baited by weeding an 
rads, with care thet Che ware continues theough 
ore eb) the score dere: thes 


S tollow the 
SH TO prewerbuare lLlowever, 
whete two way Wigs are to te 


Phe botthar waedlrgs 2 6 onl 


O st fle sw eteotatna'e | snel asd 2, 
heared mo atald 5 4, 


S, eure mist 
Ou*oe? 


Ie taken ue selection of the 
etl of winding to Imbel 5, - 4 
The proper dabeling is: suede 
that the wire ends 5, 7 pass | 
through the core eenter in 
the satme direction as thy 
wire ends 2,3 

“i The input windings ef fy | 
fey) anh outpat windings of; 
fg 5 8) ate oot ertiest in 
inductance and omas le, 
wound first to the speeitied 
naniter ot turns. Et desired, a laver of (ape may 
be applied over these windings before applieation 
ent Thee Scere? windings. 

Py 7 J) wound and resonated witha Ql-afd. | 
test capacitor to P.O he Asdjust te the nearest 
turn that produces resonance closest to the exact 
trequeney ©, and (> may be paralleled and used 
temporaniy for the test capacitor, The second 
winding of £3 65 9) is now apphed and series- 
connected with the inner winding, 2-4 Turns are, 
adjusted to secure resonance with Cont Lo ke, No 
connection is made to the lap during adjustment, 
Note that wide tolerances on Cy are allowed and 
the exaet number of turns of / will depend on 
this tolerance. 

Ly S5-S)and Ly f 4) are wound and resonated 
with their associated capacitors, (, and C3. 

Le 1-4) 8 now wound and resonated with C3. 
As previously mentioned, the value of C3 may 
vary over a wide range | plus tolerance), and will 
determine the number of turns of windings 1-4. 
Note that the total number of turns for 12, in- 
cluding adjustment winding 5-6 depends only on 
the exact value of C2. Thus if C3 is large, winding | 
1-4 will have fewer turns, and 5-6 will have more. | 
After resonating Cy) connect it in paralle] with | 
windings /-4 and the combination in series with , 
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The Abke oscillater shower ass na tofetdat on 
ductor Other types of cscilateers wall) px rfc 
satisfactory if the output mmapeekanee ts beled be 
The number of turns of inductor 7) and Walue of 
fy, may be adjusted for proper freqnetmey using 
the BC-221 and the proper feed-back adjusted by 
the Secondars winding 3 4°50 ¢ The taper on Tha 
winding are desirable to adjust the vullage at the 
ynoction of Re, It'y from 2 te 5 volts Nleetion af 
1 to 500 ohms for fy also permits Some adjust- 
ment. Ry should be as high as possitde for least 
loading on the oscillator and filter, etl permitting 
chough 20-ke. output for any desired amount of 
catnier reinjection. 

One point not olbvious is that Re and 7t3 with 
R, in parallel are actually in series with the 
input to the filter. The values chasen norntaily 
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lithe output of the speech samphfer is a pure 
tome The entpat of the filter should be a angle 
tre qaemey of 2ke onus the audio frequency. 
being a sweep rate that a submultiple of the 
afelie input trequenes, a cheek may be made for 
the presences ota tmedulstion envelope. Such a 
Tree fe presents tore than one frequency in the 
ontpat and tnav be caused by distortion in the 
-peech setphiier or everleading of the modulator. 
V vhight modulation pattern is permissible as this 
represents only aslight chetortion of speech and 
hot spurious signals out of the passband 
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CHARACTERISTICS OF SIDSBAND FILTCR AS ACTUALLY 


CONSTRUCT ED 


The filter, for which the characteristics are shown 
on the next page, was constructed to the specifications 
in the article on filter design, with the exception that 
inductances of a much lower "Q" were substituted. The re- 
sults of this substitution is readily apparent by comparing 
the solid curve below, with the corresponding characteristic 
curve of the designed filter. The attenuation peak at 20.5 KC 
is suppressed, and the attenuation in general is less over 
the suppressed sideband range. The most important effect, 
however, is the lowering of sharpness of cut-off from 20 
to 21 KC. 

In order that this filter be usable, the attenuation 
curve was shifted somewhat, as shown by the dashed curve, 
by shunting a .0017 mfd mica condenser across C),. 

The indication of an apparently negative attenuation 
in the bandpass region is due to a slight miss-match of 


impedance in the test circuit. 
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Design criteria are presented for L-C and R-C phase shifting networks that develop a 


constant phase difference over a wide frequeney band. The technique ts to introduce 


two phase shifts such that. although they vary with frequency, their difference does not 





T is frequently desirable to de- 
I rive from a given voltage two 
new voltages of the same frequency 
but with the phase angle between 
the new voltages held substantially 
constant over a wide frequency 
range, each derived voltage having 
an amplitude characteristic linearly 
variable with the amplitude of the 
input voltage independently of fre- 
quency. 

To produce the phase difference 
between the two voltages, two net- 
works whose phase anvles Incremae 
substantially linearly with the lo- 
yarithm of the frequency are used. 
Thus, if the two networks are prop- 
erly matched, the phase difference 
between them remains nearly con- 


a. 













Cr 


his 


<tunt over a wide of fre- 


quency. 


range 


Network Development 
One wav of producing the two 

voltages is to derive both of them 
from a single source and arrange 
that the ontput of either channel is 
independent of frequency, but that 
both have phase angles with re- 
speet to the input voltages varying 
in such a way that over a wide band 
of frequencies 

G1 — A (ty 
where o, . phase angle of output Not 

o. phase angle of ourput No. 2 ¢ 

A acon-tant 


o;, and o are each their own funetion 
ol f, the Trequeney 


One possible configuration for 
these functions is 
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FIG. 1—Three networks for producing phase shift. Networks are used in pairs to 

obtain two outputs which have a constant phase difference over a wide range of 

frequency. Phase shift equation given for network of Fig. 1A holds for other 
two networks 
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o = € + logs 
o, = C + log kf 
where C and k are constants 
Substituting Eq, 2 and 3 in Eq. 1 
o— ¢@: = C + log f — C — log lf 


log f — log f — log: 
—logk ~K te 


Thus it is only necessary to find 
a network configuration which will 
vield a phase angle whieh varies 
as the logarithm of the frequency 
over a wide range of frequency. 
The network must also have no 
change in output amplitude with 
frequency. The latter limitation 
usually restriets the final network 
configuration to lattice types be- 
cause finite ladder types with any 
phase shift must be accompanied 
by amplitude variations. In order 
to avoid the use of transformers in 
the lattice structure, a half-lattice 
will be chosen with the input termi- 
nals excited by two equal voltages 
180 deyrees out of phase. Such volt- 
ayes are readily available from 
vacuum tube phase inverters con- 
sisting of a tube with equal cathode 
and anode loads. 


[a 
ws i i 
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L-C Lattice 


A circuit having enough inde- 
pendent parameters to permit the 
designer to shape the phase angle 
curve to the required logarithmic 
form and the basic design equa- 
tions of the circuit are shown in 
Fig. 1A. It will be noted from th. 
equation for the phase angle (Fig. 
1A) that an arbitrary factor s is 
included. The choice of s is up to 
the designer. 

If s lies between 3 and 5, a fairly 
straight line for @ is obtained 
when plotted against a logarithmic 
frequency scale. As will be shown 
later, if a second curve for a sec- 
ond similar network, but with a 
resonant frequency f, which is 4.53 
times the resonant frequency of the 
first curve, is plotted, the phase 
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angle difference between these twa 
curves i maintained within 90 =4 
degrees over a fairly wide range of 
frequency if s = 1 and is quite 
satisfactory for voice frequencies 
preause the upper to lower fre- 
quency ratio is approximately 28 
to 1, ag for example would ovcur in 
» band from 130 to 3,600 cps. 

The band can be widened indet- 
nitely by adding more elements to 
the bridge arms with the result 
that the frequency range is ex- 
panded mere until remarkably good 
performance is obtained cver the 
all audio range trom [1 ta 15,000 
ops. 

The use of inductances in filters 
is to be avoided if possible hecatse 
of the iaalility to obtain a pure in- 
ductance: there are always the in- 

itable series resistances and shun’ 
apacitance. Other olaect ons iv 
re use of inductors are ‘hat they 
may pick up niwan" qd syrwal. fret 
‘rav magnetic field- ral vive: *)ee 
are not constant in induetante wit 
pplied voltage. As a conse porn 
a resisiance-capacitarce type of 
nalf-lattice m twork woud be pre- 
‘erable providing the required type 
‘t phase 
from them. 


curve ‘ver Hie saimibele 


R-C Lottice 

In order to provide a wide range 
of operation. two simple resistance: 
capacitance networks can be used 
in cascade with isolating tuhes be- 
tween them as shown in Fig. 1B. A 
single network has restricted band. 
width. No terminating resistor 
ean be used in this type of network. 

The phase angle of the tinal out- 
put voltage can be adjusted ex- 
actly as in the L-C vircuit of Fis. 
1A because the phase angle eqaa- 
tiun is identical. The «nly limita- 
tion with this network is that * 
must be greater than 2, however as 
previously found, for best results s 
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Applications 


THE ~deband phaso sh?! retworks 
descr bed hacain ace APP cable to 


Singie saebacd telephory accom. 
plished directly at the Fay 
frequen ) 


carrier 
without multip e modula- 
tors or sharp cutoh Fiters 


High of ciercy broadcast transmit- 
ters radatng carrier, upper, and 
lower sidabanas *-om three separate 


antennas 


Frequency varatior of crystal con 
trolied carrier of communication trans- 
mitters either for carrier control or 
frequency-sh'#t teying 


Circuler disolay on cathode - ray 
tubes over a wide frequency band 
without adjustment of the phase shift 
retwork. 


Variable speed operaton of three- 
ohase a-¢ motors. 





shold Fe appeon mate er 
lene hes Wel “bute J. 


The Y mile “a = * iafee- iL le 


oT as Ck A | leone 
Cotsased oa Se ee her 
When sine. a free are Ween, re 
rerheet is ter a phase 
| cele Ph Very ye vee? of Va sets 
- tote. en maintained 
t} oo . aesrees he 
Wes oat cghs four fh 1, 
“aH 3 1 ar audio fre- 
sa} ne 4 Tey Mendy cprs 
whe heh qpeakt. 
hraadeas* + ae 
AMeTe s 1.4 ‘ tr ) loves 
‘> ili 1 ea tha. i 
ane = ie. & etwork 
camet bat resetttbles ? [.-€ net- 


veel? ot Fer. 1A Gat ditters in out- 
Tae owtpn? voltsgge i 
epee Dee ‘the inpot velt- 
Pe er a mitist tee dese 
than wt or s mst be greater 
‘han @ when stig this network. 
As previously ported? aut, for best 
results « should be approximiutely 
$f. ore — 167 vbich will vieltd 
at output voltage of about 0.32 
times the input vollage. 

The phase woyle equation (Fig. 
1A) is seen to be identival to those 
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| Phase Shift Networks 


for the previously dese ribed net- 
In order to find the proper 
values for f in the two networks 
which are to vield a phase angle dif- 
formpnee of YO degerees, assume 4 
reametric mean frequency between 
the ipper and lower frequency lim- 
it. of isable phase angle difference. 
Thos mean frequeney is not critical, 
Lota value of 700 cps has heen sug- 


\s opks 


gested us a practical frequency 
( B Ilansen, Dawn to Earth on 
‘Hoyh Videhty', Radio Technica. 


Ianto Board, Report on Stand- 
ards and Frequency Allocations for 
Post-War FM Broadcasting. Panel 
5. Jyre 1, 29841, Section VIET). Have 
rye dec, led an the mean frequency 
if the svstem, it is merely neces- 
uv to design the two pliuse shift 
etworks so that one has a phase 
atiyrie af T8Q) -- 
ps, abd the other a phase anvle of 
}sti iy dlerees ait TMH Cp 


in jcpiee ire tan 


Basis fo Design 


Snppose the value fur fog’ the 
frst network as te le determe ned 
“th 4, desiyerating: © oof the fist ne’ 


work ae ts, cord lett Fahad the 


Yoertht ceaenes , Gaestyt eodonas f. 
the pliase cngdle e quar: Pig. 2 
breecntyyees 
- f ' f 
toatl a ! — i, ). 
Settings 135 dewrees and ° 4 


leaving fractions and solving for 
2 J26F. which, for 
FE TU) cps, wives f LASS cps. 

Hy reciprocal relationships. the 
value of 6. the f, of the second nct- 
F126. ee TON 


no weeps. 


f sites f 


work, Is ff 
fos. f 
The parameters of the two net 
wark@ can new be calculated Wor 
convenience and to establish Vialtass 
of impedance into which vacuinr. 
tubes can work satistactoris.  ats- 
sume that &, 20.000 ohms in each 
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Table I—Determination of Network Parameters 
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FIG. 2—-Phase shilt characteristics of networks whose values are given in Table ! 


network. The calculations are sum- 
marized in Table I. 

The phase shift curves for these 
two networks ure shown in Fig. 2. 
Note the Jong freyuency range over 
which these curves are substan- 
tially parallel. The difference angle 
is plotted to facilitate comparison. 
Note that this difference angle 
holds fairly close to 90 degrees over 
a range of frequencies from 130 to 
3,600 cps. This range is quite ade- 
quate for a voice frequency chan- 
nel. 
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Such a network ean be used to 
build a simple single sideband 
transmitter without the necessity 
of using sharp cut-off filters and 
double or triple modulation. This 
simplification may be done by com- 
bining the outputs of two balanced 
modulators: one balanced modula- 
tor is fed with radio frequency cos 
wt and audio frequency mecos 
(ut—94), and the other balanced 
modulator is fed with radio fre- 
quency cos (wt + x/2) and audio 
frequency mcos (pt — 6 + x/2). If 
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the plus signs are used and the bal- 
anced modulator outputs are atlded, 
the resultant outpat would be mcos 
'(m — p)t + aj, whieh is the 
lower sideband. 


Single Sideband Telephony 


An experimental system of this 
type has been constructed and op- 
erated using carrier frequencies in 
the broadcast band. No untoward 
difficulty was encountered and re- 
sults were fully up to expectations. 
The transmitter was modulated 
with audio signals taken from the 
output of a broadcast receiver. The 
single sideband transmission was 
received by a second broadcast re- 
eciver into whose input terminals 
was also fed an unmodulated con- 
tinuous wave radio frequency from 
a signal generator to furnish the 
missing carrier. The signal gener- 
ator frequency was adjusted until 
the reprodueed program s°unded 
most natural. No auxiliary filters 
were used in the radio section of 
the transmitter to aid in reducing 
the unwanted sideband. 

The question may arise as to how 
much of the unwanted sideband is 
permitted to get through the sys- 
tem if not exactly 90 deyrees phase 
difference is obtained between the 
two audio channels. The ratio of 
the weaker sideband to the stronger 
sideband is given by the equation 


—"<Co3d io 

RATIO = eee + cos — a 
where 4 is the deviation of the dif- 
ference phase angle from «/2, with 
4 expressed in radians for the ap- 
proximate formula. A_ deviation 
from 90 degrees of 6 degrees ‘is 
required before the weaker side- 
band becomes 5 percent as strong as 
the stronger sideband, so that the 
phase angle curve of Fig. 2 is 
probably commercially useful over 
a range in frequencies included be- 
tween 84 degrees on the low side of 
the center to 84 degrees on the high 

side of the center. 

A second application for the sys- 
tem is that of providing a closer-to- 
zero frequency single sideband tele- 
phone or broadcast transmission 
when filters are used. For example, 
a single sideband transmitter may 
be constructed along conventional 
lines with a quartz crystal type of 
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band-pass filter to operate on 100 ke Suan “ve aS a | 
Suppose the pas band extends Wetec e MANOR paca: “ 

from 100,600 to 108,000 cps We ee SO + ee . . 

seen that frequencies FY Gan Lee \ ee ,. : | 

cps are attenuated in sucl \ ; i | t | 
ten. Now if the single sid . . 
system described in the | | | 

paper were to be used in conj in 

tion with a filter, the filter: cod 

transmit from 100,000 tu TOH8,00 | 

cps, and the region between 27 and | 

600 eps could be taken care of by 

the audio phase shift) system, 

ting the filter remove the an 

sired sideband from 99,100 down | 

to 92,000 eps. Thus the resatan: t 
radiation could contain single side- 
band components correspon 

an audio frequeney range of 27 | | | 
¥,000 eps instead wt being I mit iow ' 
toa range of BOO ta SOU ¢ i 

addition of the 27 to 60-cy ng: 

will add cousideraldy 

alness of male speech and ar. 

music. Breque neies betwee ets 
7 cy: should be removes . 
eriginal aidio being fed ato tt 
system. ' ; ) 


Frequency Shift K “ying 


High Efficiency Tronsmitter 
Ahigh Therency broadewst ‘ra ’ " 


mitter van be constr rable ° Mere 
emplofing three power amphier: rar Pre Sa ae 
and three antenras arrany SO ts h mane oo 
dat an cnmodalated carrier 2 1 . 
radiated on a central antes na anc 
the upper and Jower sidebands are 
radiated respectiv: ly on two side reese , :. 
antennas, which are on a straight ye | /*. 
Yne through the cen'ral anterna l aN . : | 
but on opposite sides equidistant onan 1 | 
from it. The sidehands< are gener- acu ie = 
ated in much the same manner as oa ree Aree! .~ = 
described in the preceding section. tet] 
Only one set of audio phase-=hift , 
filters are required, for the upper Vil ot 
and lower sidebands can be ob- t TOR 
tained by simply adiyusting the 
phases of the radio frequencivs fed 
into the two <et< of balance modii- ie cle 1S Ace tagensent 1 
lators. i ; a ae 
make ‘ase e@f he sit sadet 
This svstem of transmission. nerater already deserthed. 1 
could he accomplished with the fol- one Snail _ iT 
lowing installed) relutive power “Lent (me ep of a train 
capacity were 42.50 Kel One ¢ onld them is Y 
Carrier 1.00 a crystal osediater on Ades ke ina 
Upper Sideband 2. cons iInctie with tire balances oe oS 1 ye 
Lower Sideband 0.20 muduliter and a 2-ke variable fre- ntrol * u 
as. quency oscillator Le produce the phase hrot 
Total : 1.50 required 4,50u-ke carricr, The os- the requ iens pli lea 


When modulating 100 percent, this cilator could then be scdjusted to senree we dv: ni ter speed. 


Otber Appiicatian: 


Adjustable Carrier Frequency 
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(i,) ae (+2) =~ Ds C. Component 

@) ds Ei Mees at v- OO ccaponsee 
G) a, E. 3 A eee Lies? % Praquaice Daepooaah 
) 0B, ene St” lee Bareiee eee 


p> a 2 Double Carrier 
Sy, A, EC (t+ P)esz we — arris 


Frequency Component 


(c) +2,E.™ Coe( Lats) _. Upper Sideband 


OR o] ut ohoyet 218" 


i Lower Sideband 
(7) Z Zz SR fh Cente ae a Component 


Double Upper Sideband 
(2) a,E° e F creel, +ws)t "" Prequency Component 
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(4) aE o Peeed (us, “a)t Prequency Component 
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tran “yes th atl 


Ae . 
Co = C Coal, +A)t + EM Con (w. + Ws) t 
FZEM Cog (Wi — Ws) t 


. = z 


t, = 8 es +0, SC“ toe ava) 
ye “Coot wet et + a Coa (w.-s) 
+ CE. Moos (uy +A)e Cog (4, +4, )t 
+c = ee) oleytaye Cow (H.-W) 
$e coe (up tur) t Cog (ov, Wy) t} 


+p, = =a ($+ SS) + onS6.M Coe (Wy —A)t 
Jone 

+25 SO Coalw,+A)+ Lae = £0, 
Ta,C s Cee (ETRE ar ee ee 
rAd SES +a, << Cre (ue +s )t 
FS c(i ,)t rai emlata)t 
+ @., See era h (4-4, \¢ +a,* < coa(up eatin) 
tA, £20 Cea (Lew, +4 = iy 
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‘an ek 
3) SCEcm Srale,tdt ~~ Shmned & neGesey 
a, ee as Grad Ww, t “ Doukte Sten 
(Ss) me C Coa ( 40)t ~ Freciany. Carrier 
(bt) FEM Comat = es 
(1) SE envacn.ea)e —— Rrbtenateern 
& QLEM ay ua t -- Upper Sideband 
a a BcM te ~~ Lower Sideband 
(10) SED M* Coad (wi tia)t = rota Caer aitas 
7, Ed ES M* ra 2.(w2,-0,)# Se ane Wucantaieer 





U2) DCAM cnCrc.oa roae~ Pas" Sppee Size! 


(2) CRM coa(nincen ing) ~- Hannastce dpErte 
buodmeswiene 





Note that components (2) and (3) may be combined 
to give Ral E. Mites at Coe wt 
which is a signsl similar to the sudio sicnal of 
straight A.M., detected, but varying in amplitude 
from zero to aoCE,M at the rate . The resvlt would 


be unintelligible, 
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(2) B3C 5M tea(uye-0) .>, L 
(3) Cee M Coe (wt 8) = 
(F) SEEM Coe tt 
(5) &,C Coe (4% t 2) - Reinserted Carrier 
() > FEM Coa Zt -- pet 

(8) > eM fe (. + ”s)} -- Upper sideband 
(7) BEM er(o-)t ~~ _—“Tomer Sideband 


(o) $e ettenentacene RE Raa 


(11) FEM eweRama)t Pine Prequeney 


(2) $c Memlane serge)“ Eetesering cerrtey ran 


a 
(13) ZCEM Coa(Zungt +O) Lptar “ideband, Peawnencs 




















Note that components (2) and (3) may be combined 
to give 
which is equal to signal component of Case I, but 
“multiplied by cos 6, which for 6 # 0, will reduce the 


value of this component. 
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4p= 2@ + 2,5 


,* — @ by | 2 
4p = Sig conteaouade + io 


Components of 1,3 


(!) al -- D.C. Component 


(2) = ee ~- Upper Sideband Frequency 
(3) Sse", Coad(uptus)e ~~ Lower Sidebaad Frequency 





No signal frequency component is present, thus 
detection is not possible. 
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Case I. Detection o ‘normal ALM. 
Note: In thi of solution 
. fraceaniey® Med of 20 are by sendy sudo 


ip = 8, ©, + age, 


For the envelope only, 


i= a,6 + ane’, where 6 is the envelope voltage. 
For the upper envelope, 6, = + E,(1 + M cos at). 
For the lower envelope, 6. = = E,(1 + M cos mt). 
Then 
vs 2 2 
t,=@,E, (1+ ™ Cea wt) +a,€. i+™ ia ws t) 
: Lu 2 
t_=—Q, a ( Cre ws) +@,E (i+™ Con ut) 


hp ta 
<= = = @,& (1+ M teowyt)* 


4 = Q,e”(i+zm Coo wt +M* Cee™ wt ) 
6 ee Bs FLOLECM (Cop wt FIG Crzagt) 
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Note thet the ratio of the above components 
is M/4, which was the same value obtained in Appendix 


III, Case I, thua this is seen, by example, to be oe 
satisfactory method for determining the relative 


magnitudes of audio frequency components resulting 
from detection. 
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For the envelops, 1 = ke, where 
6, = + B(1 + M cos at) 
e, =~ E,(1 + Mcos ot) 


Then 


i, = k,E,(1 + # cos o,t) 

i_ s-kK,E,(1 + Moos ot) and 

i =8,/2 (k, = &)(1 + M cosa wt) 

The only audio frequency component ie 

BLM/2 (k, = ko) cos a he ~- Signal Prequensy. 
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APPENDIX V, Hetrodyne Detection Analysis 


(From "Theory and Applications of Electron Tybes 
—— ale ae Pele.) 


5-14. Ideal Linear Diode Detection of the Sum of Two Volt- 


ages of Different Frequencies. (The diecir cliede ch beeeor a 
seotpieet atnbe soli: Pep potomdyye socdifle tered DG Le et ys ities) cof 


{ 


thie mpl heats Th) LLC ee 1 1\Wwoeo ~redsotelal voiltspoas yf 


Tue. 4-21 ie | ee Te Dee rTM To pled Teter E frequen y ‘ 
ra 
I 
unequal frequency Toounabyze this proeess it is necessary first 
to study the forin of the resultant wave produced by the addition | 
of two sine Waves Pigure O-14 shows the resultant of twa sie 
waves of equal amplitude and 5 to d frequeney rane. By adding 
waves that hiave both unequal trequeney and dmoeqiual saplitude, 
the reader may show that. an general, the resultant of two sine 
waves of somewhat different trequeney resembles an amplitude- 
modulated wave. Tt differs trom steho a wave in that the portits 
at which the resultant: erosse. the axis are net eqnally spaced, | 
indicating additional phase naodiulation, . 
The form of the envelope of the resultant wave and the manner 
mn which the phase vanes with thie can be determined analyti- | 
cally. Let the two impressed voltages be ¢, = Fy cos wit and | 
‘3 = kp cosed. The resultant voltage is | 
c= FF, cos wil + Be ¢0s wal (3-35) : 
= EF, cos wit + Es cos (ait — (ow, — ws] 5-36) 7 


1 Roper, Hans, Proc. 1. R. E., 20, 1946 (1932). 


-~ One fee CS 
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hy: ity mole eins 


Péig loot 
I ees 
Wilt 4 
d / fipxs') 24 i Sane Cats 
hsm =f 
a Ene Ty * al (ei=ens) 
h i me hy 


Hoo represents the component of the applied voltage that has the 
larger anplitade. then Ay > hea and ho 7, 





ma ‘XN a XN 
= $=" Ds  , -wp! ~~ 





(b) 


Tre ot) Effeet of amp liauade catio A upen oa) phase modulation and (4) form 
af envelop, of the resultant of two sine waves of unequal frequency. 


Figure 5-l5e shows how the phase angle @ varies throughont 
one evele of differenee frequency, fy — fe. for Various values of h 
between O@2 and 1 When the amplitudes are equal, A = 1, 
«nd o varies between + 0 and — 907; 2 sudden reversalof phase 
takes phece at the instant (ay — wf =r As his decreased by 
changing the amplitude of either component, the maximum Vilie 
of o rapidly decreases, bang only slightly greater than 114° when 
h = 02. Figure 3-150 shows how EF varies throughout the 
difference-frequeney ceyele, for various values of h, Be heing kept 
constant at unity. Comparison with the dotted curve, which 
represents cos (wy — wet, shows that the amplitude vanes ata 
fundamental frequency equal to the difference frequeney but also 
contains a steady component and harmonics of the difference 
frequency. FE. B. Moullin has shown! that 

!Moctius, E. B., Wireless Eng., 9, 375 (1932). See also F. M. Cole- 
brook, Wireless Eng., 9, 195 (1932). 
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) qos (a Rca Wi ‘ ( | N tt ) a ee eee _ 
ny | ab al 
cat" hi ( cyl aus Jews 2 ol aa 
a is i » 
ich fd Wag 
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aeh coctherent of thas series dsoun itself ain intinite series whieh 
converges rapidly it fos 1 Consider only the terns given 
in ig. (ab the series is aeenmite to within bo percent even when 
h= 1.) Vqaation (oa proves naoronsly that ko coutatis a 
~tendy COMP Mey, 2 Fartaclsvanveta dal (iferenee-trequeney CON 
ponent. and all harmonies of the difference trequeney, 

This analysis shows that the resuliiint of two sine waves ol 
different frequencies ds equivalent te ca wave whose trequeney 
is that of the component of bigher amplitude aud whose amph- 
tude and) oplinse are medilared stmulaneeusty. Phe signal 
Voltage with whieh the aaplitude oat this equivalent: wave ds 
modulated eamsists of the fundamental ditference frequeney and 
all its harmonies. ‘The phase modulation, the fandsmental 
frequeney of whieb is also equal to the difference frequeney, may 
ee ade a~ -ninll ae desired by mang ft Aifall, Uneler the 
sstinption that dois small enough so thar the plows treclalation 
is neghgible, the sami ot the twee sine waves is cquivalent tooan 
sumpelityi leemoduiidedd wave by fab cos anf which fhe miven by 
hq. (5-41). In accordance wath the principle explamed in see, 
5013. the application of this veltage toa linear thode detector will 
result in an output velage ef the torn DE, foo, where Dis the 
detection etheieney given by the enrves of big. 2-22. 

An examination of the coefficients of Eq. S41 shows that the 
ratio of the amplitude of the th harmonic to the amplitude of the 
fundamental difference-frequeney ontput of the detector is 
ronghly proportional to Aw.) Therefore the harmomie content 
may be made as small as desired hy making the amplitude of one 


'The exactness of this proportiondity increases rapidly as kh becomes 
snialler. 
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oe Pe. 


ow ob thie reget dee M feboer than the other Phe sanpli- 


wt ye 4 reecLatnae tnt al camepe ve til aot cletee Car cuit patat Veolte ts 
; : } hh oh’ it 
Put - I pia ft , ” ) a oe 
\s id leerespsedd. thas hypo preenge hes thie lhatine Vibatue 
Dittel Agger Dh @ ED (ole 


Vhis shows that. dene input voltage ds considerably targer thin 
the other. the qaapltude of the fundamental differenee-lrequeney 
companied cf linear cleate deteetor cruyt pout le preticds only Wapran 
the amploude ot the smatler iaput voltage.’ This ts of unpar- 
Tradhea Vt thie: clesien anf superbeteroadviie ritchie Teeny ers anil 
heterodvie osciilitors (see page 300), 

5-15. Effect of Curvature of Diode Characteristic. Iqjitations 
5-23) cand 5-80) hold only ter dinear characteristics, Of the 
shode charaetertstie ts not linesr, the wave of plate current is tet 
aneNaet replies of the apper tadlf of the apphed modulsited valt- 
sae. Phas tet stgeests that the eed penne contatns harnionies: of 
the signal voltage. Tn general the relation hetween total 
Instantaneous choade plate current and) plate: voltage may be 
mexpressed tn terms af a sertes 
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ArPENDIX VI. Construction of a SSSC Adaptor 


The adaptor, whose construction is to be described, 
was designed by the Ganeral lectric Company. It was 
designed to be used with a good quality communications 
receiver, making possible the reception of SSSC transmissions, 
the reception of only one.sideband (either) of an A.M. 
transmission, the reception of narrow-band FM transmissions, 
and the reception of PM transmissions. 

As may be seen from the circuit diagram, this adaptor 
follows the phasing method of sideband separation, together 
with reinserted (or exalted) carrier and reactance~tube 
lock-in circuit. A type 6AK6 tube is employed to provide 
proper impedance match between the adaptor and the receiver 
I.F. output. An audio stage and a voltage-regulated, 
highly filtered power supply complete the circuit. Positions 
1 and 2 of Switch ABC permit reception on either upper or 
lower sideband. Position 3 permits reception of both side- 
bands with the local oscillator giving exalted carrier re- 
ception. Position is for normal reception. 

The physical lay-out of the components closely followed 
the circuit diagram arrangement. The 65AK6, with it's 
associated components was mounted in a small shield can, 
and located in the receiver chasis. The small filament 
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current for this tube was easily supplied by the receiver 
power supply. 

Of the components, it should be mentioned that all 
resistors in the audio phase-shift networks were of the 
1%, low-drift type so that accurate phase-shift could be 
maintained without continual alignment. 

The alignment procedure was somewhat complicated. 
After connecting the adaptor to the receiver (a Hallicrafter 
S-0OA was used), it was first necessary to adjust the trimmer 
of the final I.F. transformer to compensate for the additional 
capacitance introduced by the 6AK6 stage. Next, adjustment 
of C36 gave maximum input into the adaptor. In the adaptor 
constructed, adjustment of Lj, was also necessary. The 
coupling of Lo, which was a conventional I.F. transformer, 
had to be increased to that the local oscillator voltaces 
into the two demodulator tubes were equal. Adjustment of 
the condensers across primary and secondary windings of Lo 
was required to obtain accurately, the 90° phase-shift between 
the two demodulators. An oscilloscope, with horizontal 
and vertical inputs connected to the two demodulators, 
served as indicator for this phase aligning. When a perfect 


circle was obtained, the phasing was correct. 
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The final stage of alignment was the alignment of the two 
audio phase-shift networks. Again, the use of an oscilloscope 
served as the indicator. Each triode section of the 6SN7's 
with it's component parts was adjusted separately. The 
frequencies shown on the circuit diagram were those for which 
the respective elements would give 90° phase-shift. The 
adjustable elements were the indicated trimmer condensers 
and the adjustaole resistance, Rjg. After each element was 
correctly adjusted, the two systems were checked as a whole, 
over a frequency range of 280 cps to 6000 cps. As was 
mentioned before, the use of very stable resistors in the 
phase-shift networks is essential if this alignment procedure 
is not to be repeated at frequent intervals. 

Results were, in general, very good. Attenuation of 
the undesirable sideband was 35 db below the desired one 
in reception of an AM transmission. SSSC reception was 
readily accomplished, but not with the ease that had been 
anticipated. Probably, the development of a certain degree 
of skill in the use of this adaptor is necessary to obtain 
optimum results. The only disappointing feature was the 
operation of the reactance tube in locking-in the local 
oscillator to the carrier frequency. A comparatively large 


carrier input was necessary to dbtain satisfactory results. 
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The local carrier would not quickly synchronize even on 

A.M. transmissions, if the incoming signal strength was 
rather weak. This was far short of the desired results of 
locking on a carrier 20 db below the sideband strength. 

It is probable that a better physical layout of the reactance 
tube stage to reduce stray capacitance would improve perform- 
ance. 

The effectiveness of SS reception of AM in reducing 
interference was quickly appreciated, particularly on 
communications channels. In several cases, signals were 
made understandable by use of only one sideband, where they 
had been entirely unintelligible, because of interference, 
when both sidebands were being detected. 

While certain elements need additional refining, it 
is believed that the use of this type of an adaptor, even 
for reception of AM, is highly desirable for communications 
work. The advantages resulting from use on communications 
channels are not readily apparent on broadcast reception, 
because the types of interference are not the same for the 


two channels. 
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